A macrocyclic tetraamine zinc(II) complex appended with two quinoline groups, Zn 2+ -1,7-bis(4-quinolylmethyl)-1,4,7,10-tetraazacyclododecane (Zn 2+ -Q 2 -cyclen), was successfully used as a novel additive to suppress non-specific products in DNA polymerase chain reaction (PCR). In the presence of Zn 2+ -Q 2 -cyclen, the T m drop of 20-bp heteroduplexes containing a non-complementary base pair was greater than that of the corresponding homoduplex (i.e., primer DNA). Here, we applied such preferential DNA melting to a specificity-enhanced PCR using micromolar concentrations of Zn 2+ -Q 2 -cyclen. We demonstrated the selective amplification of target DNA fragments (i.e., the human heart sodium channel Na v 1.5 gene) from genomic DNA or a cDNA library. The optimum condition for the specificity-enhanced PCR could be determined in the concentration range of 1-50 µM of Zn 2+ -Q 2 -cyclen.
Introductory statement
The polymerase chain reaction (PCR) [1] is the most accepted and versatile procedure for the rapid amplification of target DNA fragments. When genomic DNA or a complex cDNA library is used as a template, undesirable multiple satellite band DNAs often appear with the target DNA on the electrophoretic gel. A large variety of parameters can influence the outcome of PCR amplification. These variables include cycling parameters, such as the annealing temperature, as well as the concentrations of Mg 2+ , H + the A-T hydrogen bonds, lowering the melting point, T m [17] [18] [19] . Furthermore, the disrupture of the DNA double-strands in the A-T rich region by the zinc(II) complexes was revealed by nuclease footprinting experiments [15, 19, 20] . Recently, such T-recognizing and local conformation-changing properties of Zn 2+ -cyclen were applied to the detection of DNA fragments containing single nucleotide polymorphisms (SNPs) using polyacrylamide gel electrophoresis (Zn 2+ -cyclen-PAGE) [21] . In this study, we have extended the T-recognizing and T m -depressing properties of the Zn 2+ -Q 2 -cyclen in PCR. We here describe a simple and reliable specificity-enhanced PCR using micromolar concentrations of Zn 2+ -Q 2 -cyclen.
Materials and methods

Reagents
Zn 2+ -1,7-bis(4-quinolylmethyl)-cyclen was prepared as dinitrate salt (Zn 2+ -Q 2 -cyclen·2NO 3 and a combination pH electrode Horiba-6378, which was calibrated using pH standard buffers (pH 4.01 and 6.86) at 25 ˚C. All PCR reactions were performed using a GeneAmp PCR system 9700 (Applied Biosystems, Foster City, CA). The DNA sequence cloned as a template was confirmed using an ABI PRISM 310 Genetic Analyzer (Applied Biosystems). The T m values were measured using a high-resolution melting instrument, HR-1 (Idaho Technology).
Polyacrylamide gel electrophoresis (PAGE) was carried out using a mini slab electrophoresis system, AE-6500 (Atto, Tokyo, Japan). Agarose gel electrophoresis was performed using a mini gel electrophoresis apparatus, Mupid (Advance, Tokyo, Japan).
Polymerase chain reactions and polyacrylamide gel electrophoresis
When the pGEM-T Easy Vector plasmid into which a target DNA sequence was inserted was used as a template, each PCR reaction was performed with the following mixture: 0.15 ng of the plasmid as a template, 0.20 µM forward and reverse primers, 1.0 mM ] is assumed to be 1.0 M.
Results and discussion
Preliminary PCRs were performed using the partial rat Na v 1. ˚C, almost all PCR products disappeared. The template used had three homologous repeated sequences to primer 1 (see the green, blue, and pink regions in Fig. 1A ). Thus, spurious products were observed at an annealing temperature of 60 ˚C, a phenomenon that is due to the mispriming of primer 1 on the homologous sequences (i.e., the formation of 20-bp heteroduplexes). The major non-specific products are a 436-bp fragment (from the blue region containing a non-complementary base pair) and a 454-bp fragment (from the green region containing three non-complementary base pairs). A 418-bp fragment (from the pink region)
was not generated under the experimental conditions. The non-specific products were not eliminated even when a duplex-stabilizer, Mg 2+ (2.0 mM), was added at the same annealing temperature of 60 ˚C. To determine whether the specificity could be improved, Zn 2+ -Q 2 -cyclen was added to the PCR mixture, and the products were analyzed after electrophoretic fractionation on polyacrylamide gel. A typical effect of Zn 2+ -Q 2 -cyclen on the PCR amplification at an annealing temperature of 60 ˚C is shown in Fig. 1B . Table 1 ). Differential curves of -dF/dT vs. temperature and plots of ΔT m Fig. 2A and Fig. 2B , respectively. The T m drop of the heteroduplex was greater than that of the homoduplex (see ΔT m values in Fig.   2B and Table 1 ). In the presence of over 5 µM, the peak of the differential curve for the heteroduplex became still broader, and the melting temperature was not estimated. This fact
shows that the double-stranded structure of the heteroduplex is preferentially disrupted by (Table 1) . From the results, therefore, the preferential T m -depressing effect by Zn 2+ -Q 2 -cyclen just might become advantageous to prevent the mismatched annealing of a primer and enhance the specificity of low-performance PCR.
Insert Figure 2 and Table 1 .
Finally, we applied Zn 2+ -Q 2 -cyclen to PCR using genomic DNA or a complex cDNA library as a template. Preliminary PCR experiments for the amplification of each of exon 1 to exon 28 in the Na v 1.5 gene (SCN5A) [25] from the human genome at a constant annealing temperature of 60 ˚C showed that ca. 50% PCR reactions were accompanied by the generation of non-specific products. Typical results with non-specific products are shown in 5'-CCCCACCATCCCCCATGCAGT (T m ' = 76.7 ˚C), respectively. In both exons, the non-specific products decreased with an increase in the concentration of Zn 2+ -Q 2 -cyclen. In the amplification of exon 8, the optimal annealing temperature was estimated as 68 ˚C from the theoretical T m values (76.7 and 76.9 ˚C) of the primers. The quality and quantity of PCR products at the optimal annealing temperature of 68 ˚C were almost equal to those at 60 ˚C in the presence of 40 µM Zn 2+ -Q 2 -cyclen (see Fig. 3A ). On the other hand, the annealing temperature for the amplification of exon 15 could not be optimized because the specificity of the PCR was not high enough to eliminate the non-specific products without losing the specific one at annealing temperatures below 60 ˚C. Such a situation may often occur in general PCR experiments and requires the use of other protocols (e.g., a redesign of primers).
In the presence of 20 µM Zn 2+ -Q 2 -cyclen, however, the target DNA (247 bp) was selectively amplified at 57 ˚C (see Fig. 3B ). These results indicate that a novel optimization for specificity-enhanced PCR could be available by using Zn 2+ -Q 2 -cyclen.
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